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奥多诺苷 A、洋地黄毒苷元、夹竹桃苷和奥多诺苷 H。这 4 个强心苷类化
合物对沙筛贝、翡翠贻贝（Perna viridis）和白脊藤壶（Balanus albicostatus）
金星幼体均具有强烈的抑制附着活性，同时也表现出高毒性。 
（2） 对所分离出来的 4 个强心苷类化合物，以及结合其 9 个结构类似物的防污
活性测试结果，进行构效分析，分析发现，强心苷元是维持其防污活性的
必需结构；苷元的 17 位 C 上连接五元或六元不饱和内酯环对其活性影响
不大；3 位 C 上通过羟基连接糖基能提高其防污活性；14、15 和 16 位 C
上的取代基对防污活性有重要影响；4 位 C 上的羟基，11 位 C 上的羟基
和 12 位 C 上的羰基对防污活性影响不大；12 位 C 上的羟基能显著提高对
翡翠贻贝的防污活性，但下降对沙筛贝和白脊藤壶的防污活性。另一方面，
对这些强心苷类化合物进行了对非靶标生物的毒性研究，结果发现，这些
化合物对丰年虫（Artemia saline）的毒性相对较低，在 13 个化合物中，























力。通过对夹竹桃源奥多诺苷 A 水解的初步研究，发现该化合物在 30ºC，
黑暗环境条件下，在静置的人工海水中 30 days 内不会发生显著降解，其





































Because of the great harm to various human maritime activities from marine 
biofouling, a series of high toxic and non-biodegradable antifoulants were applied 
widely and then caused enormous damage to the marine environment so that they 
have been banned or restricted. It is urgent to develop new green 
environment-friendly coatings against marine fouing organisms. The development of 
the green environment-friendly coatings is based on the researches of screening of 
natural antifouling products. In consideration of limits of natural antifouling products 
commercialization on the amount and cost, this research mainly studied isolation and 
screening of antifouling products from terrestrial plants which in abundant resources 
and at low cost, and the laboratory test and field trails of antifouling products to 
comprehensively assess their antifouling activities. Besides, analysis of their 
structure-activity relationships, toxicity and preliminary evaluation of environmental 
fate, were studied to fully assessment of potential of these antifouling products as 
antifoulants’ application. The main results were shown as followed. 
1. In the early process of screening of antifouling activity among 24 extracts from 18 
terrestrial plants, we found extract of Nerium indicum stem showed most 
promising antifouling activity against green alga Enteromorpha sp. spores, black 
striped mussel Mytilopsis sallei and bryozoan Bugula neritina larvae. Hence, by 
using the settlement inhibition assay with M. sallei for bio-assay guided isolation 
and purification of extract of N. indicum stem, three cardiac glycosides and a 
cardenolide were finally obtained and they were odoroside A, digitoxigenin, 
oleandrin and odoroside H. These four compounds all showed strongly antifouling 
activities against black striped mussel M. sallei, green mussel Perna viridis and 
barnacle Balanus albicostatus larvae with the high toxicity to them.  
2. In order to study the structure-activity relationship of these compounds, their nine 
derivatives were added to compare the difference of their antifouling activities 

















mainly reflected in the mother nuclear skeleton of cardiac aglycone regardless of 
the unsaturated lactone ring on C17 was five or six membered. The sugar moiety, 
which connected to the hydroxyl on C3, could significantly increase the 
antifouling activity. The substituent group on C14, C15 and C16 has an important 
effect on their activities. There is no obvious influence to the activity among 
hydroxyl on C4, hydroxyl on C11 and carbonyl on C12. The hydroxyl on C12 
could strongly increase the antifouling activity against P. viridis, but decrease 
these activities against M. sallei and Balanus albicostatus larvae. On the other 
hand, we studied the toxicity of these compounds to non-targeted organisms. The 
result revealed they had relatively low toxicity to the larvae of brine shrimp 
Artemia salina with the 24 h LC50 of seven compounds > 100 μg mL-1. The most 
toxic compound is gamabufotalin with the 24 h LC50 values of 9.98 μg mL-1. 
These results indicated their potential as green antifoulants and supported their 
development and application compared to the high toxicity against the fouling 
organisms.  
3. We assessed the antifouling activities of the cardiac glycoside-related compounds 
by field trails. The methanol extract of N. indicum stem, dichloromethane extract 
of methanol extract and total cardiac glycosides extract were incorporated into the 
matrix paints, and were evaluated their efficiency by the plate assay in the sea. 
The result showed marine coatings contained cardiac glycoside-related 
compounds were promising effective to inhibit the settlement of barnacle and 
serpula. This kind of marine coatings had an attractive potential for its 
development and application. After the research for the hydrolysis assay of 
odoroside A, we found this compound in the still artificial seawater under the 
condition of incubated temperature at 30ºC and darkness did not degrade within 
30 days, evidenced from maintaining nearly constant concentration (0.55 ~ 0.57 
μg mL-1). 
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附着，称之为海洋生物污损（marine biofouling）（Yebra et al., 2004），对人类经
济活动造成不利影响。海洋污损生物这一类群，目前全世界所记录的种类有 4000 
余种（Huang et al., 2014），中国沿海已记录 614 种（张明明等, 2008），范围几
乎涉及到所有海洋生物的主要门类。随着日益频繁的海洋调查活动及海洋资源开
发、交通运输活动的不断拓进和扩展，海洋污损生物的种类还会增加，海洋中的
所有底栖物种都是潜在的“污损物种”（Braithwaite & McEvoy, 2004）。目前全世
界常见的海洋污损生物类群主要有海洋底栖细菌、底栖硅藻、大型藻类、海绵、




Yebra et al., 2004; Chambers et al., 2006; Magin et al., 2010）。在自然海水浸泡中的
物体，一些蛋白质、多糖、脂类等大分子在短时间内能自发吸附到其表面上（Baier, 
1984），形成表面条件膜（conditioning film），这个过程是可逆的。在此基础上，
细菌等微生物在布朗运动、静电作用、重力等物理作用下（Dexter, 1976, 1978; 
Fletcher & Loeb, 1979; Walt et al., 1985），可逆性吸附到物体表面，当表面积累到
一定量细菌时，细菌开始粘附，这些细菌群体以及分泌的粘液，共同形成了初级
生物膜（biofilm）（一般在 1 day 左右）。随后，以底栖硅藻为主的单细胞真核生
物通过分泌粘液，密集地附着在表面上，大量生长、繁殖，继而发展形成更为成





























（Benson et al., 1938; Leer-Andersen & Larsson, 2003; Schultz, 2007; 
Schultz et al., 2011; Hellio, 2010）。 
（2） 海洋污损生物附着在钻井平台、浮标、养殖网笼以及海水管道等人工设施
表面，能降低这些海洋设施性能，引起其使用寿命缩短，加速金属腐蚀，
造成严重的经济损失（黄宗国 & 蔡如星, 1984; Woods Hole Oceanographic 
Institution, 1952; Braithwaite & McEvoy, 2004; Videla & Characklis, 1992）。 
（3） 附着在船舶等表面的海洋污损生物通过航行造成外来生物入侵，与本地物
种形成竞争，破坏生态平衡甚至酿成生态灾难（Davidson et al., 2009; 




























需定期进坞清洗，制备工艺复杂，成本高，防藻效果较差等（Callow & Fletcher, 





果（Bixler & Bhushan. 2013; 邵静静等, 2008）。另外根据自然界中荷叶、蝴蝶翅
膀等的超疏水性和自清洁性，设计出特殊的微米结构、纳米结构，这些特殊的微
观结构使固 /液界面形成了气膜，从而导致水滴不能浸润而达到超疏水性
（Neinhuis & Barthlott, 1997; Wagner et al., 1996; Bixler & Bhushan. 2012; Lum et 
al., 1999）。一些贝壳表面的特殊纹理及其分泌的特殊活性物质能较好地防除污损
生物，根据这一发现，目前一些学者开始建立基于抗附着的贝壳表面形貌相关仿
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